The fatty acid composition of the erythrocyte membrane was determined in 22 hypercholesterolaemic patients managed by dietary restriction, and compared with that of 22 normocholesterolaemic controls, roughly matched for age and sex with the patient group. The patients exhibited higher relative proportions of palmitic (P<O·OI) and stearic (P<0'OO5) acids and lower relative proportions
of linoleic acid (P < O'05) in the erythrocyte membrane, compared with controls, which could be due to presumed dietary differences between the groups. In the patients, the degree of hypercholesterolaemia was poorly correlated with erythrocyte linoleic acid. Measurement of erythrocyte linoleic acid might prove useful in the routine management of hypercholesterolaemia.
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The cell membranes of human erythrocytes are composed largely of phospholipids containing different types of fatty acid, of which the most abundant are palmitic, stearic, oleic, linoleic and arachidonic acids. 1 The relative proportions of these fatty acids may be altered in diseases such as cancer and diabetes.j-! The cause of such differences is uncertain, but it has been suggested that they may be due to compromised cellular metabolism: exchange of fatty acids between the membrane and a plasma pool occurs in health, and the control of this process may become deranged in disease.! The aim of this study was to determine whether such differences in the fatty acid composition of the erythrocyte membrane occur in patients with hypercholesterolaemia.
MATERIALS AND METHODS
Unless stated, all reagents were obtained from Sigma Chemical Co. Ltd (Poole, UK). Statistical analysis used Mann-Whitney U Tests and Spearman Rank Correlation Coefficients.
Patients and controls
Twenty-two patients attending lipid clinics were studied. All had hypercholesterolaemia (plasma cholesterol concentration > 7· 0 mmollL), but normal plasma triglyceride concentrations (< 2· 0 mmol/L). A control group of healthy normocholesterolaemic volunteers was recruited, and was matched roughly for age and sex with the patient group (Table I) .
Fatty acid analysis
The procedure for collection of red cells and the extraction and analysis of fatty acids was based on a previously described method.' A 10 mL sample of venous blood was obtained after an overnight fast from all subjects. This was taken into ethylenediaminetetra-acetic acid (EDTA), cooled in ice-water, and centrifuged within 3 h at 1000 x g for 10 min at DoC; the plasma and buffy coat were removed by glass pipette, and the cells were washed three times using saline cooled to 4°C, centrifugation and aspiration. The cells were resuspended in an equal volume of saline, and the erythrocyte concentration of the suspension was A 400 p.Laliquot of the suspension was added to 100 p.L of a methanolic solution of internal standard (heptadecanoic acid, 1 giL) and antioxidant (butylated hydroxytoluene, 20 giL (BDH Ltd, Poole, UK», and the fatty acids were transesterified by addition of a 5: 1 (w/v) mixture of methanol and 6 mol/L hydrochloric acid and heating under nitrogen for 2'5 h at 90°C. The lipids were extracted by vortex agitation with 4 mL of heptane (BDH Ltd, Poole, UK) and centrifugation at 1000x g for 2 min. After drying in a vortex vacuum evaporator (Buchler Instruments Inc., New Jersey, USA), the fatty acids were methylated by heating with O' 5 mL of boron trifluoride-methanol complex, 1511Jo (BDH Ltd, Poole, UK), for 10 min at 60°C. The fatty acid methyl esters were extracted into 5 mL heptane, and washed twice with saturated saline solution. The extract was dehydrated by addition of 1 g of anhydrous sodium sulphate, and the solvent removed by evaporation. The extract was resuspended in 100 p.L of heptane.
Two extracts were prepared from each blood sample, and analysed using a Perkin Elmer 8310 gas liquid chromatography unit (Perkin Elmer, Beaconsfield, UK), and a capillary column [50 m fused silica/CPSil 88, 0·22 mm i.d, (Chrompak UK Ltd, London UK)]. Helium was used as the mobile phase, at a linear flow rate of 500 mL/rnin, with a pre-column split ratio of 1 : 40 (column: void). One rnicrolitre of each extract was injected into the splitter which was kept at 270°C. The column temperature was increased from 150°C to 200°C at 2°C/min, and then to 240°C at 25°C/min. Fatty acids were detected by flame ionization (detector temperature 300°C) and quantified by the internal standard technique: a standard mixture of fatty acids was prepared (approximately 1 giL each of palmitic, stearic, oleic, linoleic and arachidonic acids), and a 100 p.Lsample of this was subjected to the same extraction and derivatisation procedures used for Ann Clin Biochem 1994: 31 the red cell samples. This standard mixture was used to identify the peaks on the chromatograms associated with each fatty acid. The results were expressed as the proportion of each of the five major fatty acids relative to the total of these five. This mode of expression of results emphasises changes in fatty acids relative to each other, reduces the effects of variation associated with determination of absolute amounts (nmol/cell) and avoids the additive imprecision found when less abundant fatty acids are included in calculations.'
RESULTS
The fatty acid compositions of the erythrocytes of hypercholesterolaemic patients and controls are presented in Table 2 . The correlations of relative proportions of fatty acids with the age of patients and controls were all found to be small (absolute values of correlation coefficients all < O'4). No significant differences between men and women were observed in the relative proportions of fatty acids in either the patient group or the control group. The relative proportions of the saturated fatty acids, palmitic and stearic, were greater in the patient group than in the controls (P<O'OI, P<0'005, respectively), while that of the polyunsaturated linoleic acid was greater in the control group (P<0·005).
The correlation coefficients of erythrocyte palmitic, stearic and linoleic acids with plasma cholesterol concentration in the patient group were -0'27, -0'10, and +0,05, respectively (P>O·I). Thus, in the hypercholesterolaemic patients studied, plasma cholesterol concentration was not strongly related to these fatty acids, despite the significant differences between the patient and control groups with respect to these.
DISCUSSION
This study showed that significant differences in the fatty acid composition of the erythrocyte membrane existed between the group of patients with hypercholesterolaemia and the group of control subjects. This is in contrast with the findings of Nye and Marinetti, and may be due to a difference in the size of the sample of patients; these workers investigated only one hyperlipaemic patient. 4 No evidence of an effect of age or sex on the fatty acid composition of the erythrocyte membrane was found in this study. Although Soreide et al. found a negative correlation between age and the ratio of stearic to oleic acid,' this work was criticised or contradicted by other groups.r-?
The lower proportions of linoleic acid in the erythrocyte membranes of patients with hypercholesterolaemia might be due to differences in diet compared with the control subjects. It is known that hypercholesterolaemia is often related to a diet with a high content of saturated fats, which are mainly palmitic and stearic acids, and low in polyunsaturated fats, such as linoleic acid. Increasing the proportion of polyunsaturates in the total fat intake often results in a significant reduction in the plasma cholesterol concentration: this is the principal method used in lipid clinics to treat patients with hypercholesterolaemia. The content of linoleicacid in the erythrocyte membrane may be altered by dietary modificationr? diets supplemented with linoleic acid cause an increase in this fatty acid in the membrane. Thus, one possible explanation of the findings is that the diet eaten by many of the patients with hypercholesterolaemia was poor in linoleic acid, leading to a relatively low content of linoleic acid in their erythrocyte membranes, as well as contributing to the raised concentrations of cholesterol in their plasma.
However, in the individual patient with hyper cholesterolaemia, the magnitude of the concentration of plasma cholesterol was found to be poorly correlated with the relative proportion of linoleic acid in the erythrocyte membrane. This is compatible with the fact that hypercholesterolaemia may persist despite an optimum diet, because factors other than diet may contribute to the disorder: the quality of the diet cannot therefore be deduced from the severity of the hypercholesterolaemia in an individual.
It may thus prove useful to measure the relative proportions of fatty acids in the erythrocyte membrane in patients attending the lipid clinic, in order to find out whether there is scope for dietary modification. Such measurements have been suggested for use in monitoring patients in long-term feeding studies and on experimental diets,lO,ll but there is little information on their employment in routine clinical practice. These previous studies have advocated the use of the ratio of linoleic to oleic acid, as the diets used were found to affect these two fatty acids most, and in opposite directions. However, in this study, little difference was observed between the patient and control groups with respect to the relative proportion of oleic acid; in addition, it is now widely believed that oleic acid may be cardioprotective.F Increased dietary intake of oleic acid has been shown to be reflected in the content of that fatty acid in the erythrocyte membrane," and the suggested linoleic: oleic acid ratio might thus be inappropriate for monitoring lipid clinic patients; the relative proportion of linoleic acid would be more suitable.
Measurement of an indicator of dietary performance could help in the direction of resources toward those patients who are likely to benefit most from dietary advice, while allowing the earlier introduction of lipid-loweringmedication in those patients who are already taking an optimum diet.
